Attorney Docket No. 5367-46 

Coupling-in Device 

[0001] This patent application claims the priority of German patent application 
102 50 912.3, the disclosure content of which is hereby incorporated by reference. 



FIELD OF THE INVENTION 

[0002] The invention relates to a coupling-in device for light from a plurality of 
light sources into an optical waveguide. 

BACKGROUND OF THE INVENTION 

[0003] It has been possible hitherto to provide a number - dependent on the 
optical waveguide diameter - of light sources directly upstream of the optical 
waveguide, so that the light from the light sources is coupled into the optical waveguide. 
If more light sources are required e.g. in order to increase the brightness or for colour 
mixing purposes, it is already known to expand the end of the optical waveguide on the 
light source side in a funnel-shaped manner in order to increase the available 
coupling-in area at the end of the optical waveguide. 

[0004] However, if the optical waveguide is expanded in a funnel-shaped manner 
on the light source side, the efficiency suffers since it is no longer the case that all the 
light beams obey the conditions of total reflection. 

[0005] The situation is the same when the optical waveguide is split into a 
plurality of coupling-in strands on the light source side. Although a sufficient number of 
light sources can be arranged at the end areas of the coupling-in strands, losses 
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likewise occur at the connecting points of the coupling-in strands with respect to one 
another and with respect to the optical waveguide. 

SUMMARY OF THE INVENTION 

[0006] One object of the invention is to provide a coupling-in device for light from 
a plurality of light sources into an optical waveguide which largely avoids losses. 
[0007] This and other objects are attained in accordance with one aspect of the 
invention directed to a coupling-in device for light from a plurality of light sources into an 
optical waveguide, wherein the coupling-in device has a plurality of focussing optics for 
the light from the various light sources. 

[0008] The light from the various light sources is concentrated by virtue of a 
plurality of focussing optics being integrated into the coupling-in device, so that 
significantly less area is required per light beam which is coupled into the optical 
waveguide. 

[0009] Consequently, it is possible to couple into an optical waveguide via the 
coupling-in device light from significantly more light sources than has been possible 
hitherto through a direct arrangement of the light sources upstream of the end of the 
optical waveguide. 

[0010] Ideally, a focussing optic is formed for each light source, so that all the 
light beams are coupled into the optical waveguide in a concentrated manner. 
[0011] A further enhancement is achieved by virtue of the fact that the optical 
waveguide has a coupling-in area, which is likewise formed in focussing fashion. The 
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focussing coupling-in area formed results in a further concentration of the light beams 
as a result of which light from even more different light sources can be coupled into the 
optical waveguide. 

[0012] In accordance with a preferred embodiment, the coupling-in area is 
formed in circle- or sphere-segment-like fashion at the end of the optical waveguide and 
the focussing optics are likewise arranged in circle- or sphere-segment-like fashion in a 
manner spaced apart from the coupling-in area. 

[0013] By virtue of the coupling-in area formed in circle- or sphere-segment-like 
fashion, on the one hand, a larger area is obtained for the entry of the light beams 
which, by virtue of the focussing action of the coupling-in area, can be introduced into 
the optical waveguide having a significantly smaller diameter. 

[0014] The focussing optics are preferably likewise arranged in circle- or 
sphere-segment-like fashion and in a manner spaced apart around the coupling-in area. 
The focussing optics already concentrate the light, so that the light from a very high 
number of light sources can be coupled into the optical waveguide at the coupling-in 
area that is enlarged anyway. 

[0015] In accordance with a preferred embodiment, the coupling-in device is 
formed in one piece with focussing optic and coupling-in area, it being possible to use 
the cost-effective production in the plastics injection moulding method for this purpose. 
[0016] As light sources it is possible to provide e.g. LEDs at the outer side of the 
coupling-in device. 
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[0017] The geometry of the coupling-in device and also the arrangement of the 
light sources are preferably co-ordinated with one another in such a way as to minimize 
the losses occurring between emission of the light and entry into the actual optical 
waveguide. 

[0018] The coupling-in device according to the invention makes it possible, with 
an injection-moulded part that can be produced extremely cost-effectively, to couple 
light from a considerably increased number of light sources into an optical waveguide 
which, according to the prior art, would have been possible hitherto only by splitting the 
optical waveguide or by means of a funnel-shaped expansion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention is explained in more detail below using an exemplary 
embodiment illustrated in the drawings. 

[0020] In the drawings: 

[0021] Figure 1 shows an oblique view of the coupling-in device, and 

[0022] Figure 2 shows a diagrammatic sectional view of the coupling-in device 
with radiation paths depicted. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0023] Figure 1 shows an oblique view of a coupling-in device for light from a 
plurality of light sources 8 (depicted only in figure 2) into an optical waveguide 1 . The 
ptical waveguide 1 is illustrated only by broken lines in figure 1 and has a diameter d. 
The coupling-in device is provided with a stem 2 corresponding to the diameter of the 
optical waveguide 1. Depending on the application, the coupling-in device and the 
optical waveguide may also be formed in one part, i.e. without the stem 2. 
[0024] A coupling-in area 3 for the optical waveguide is arranged at the end of 
the stem 2. The coupling-in area 3 may also be arranged directly at the optical 
waveguide 1 without the interposition of the stem 2. 

[0025] The coupling-in area 3 is formed in focussing fashion and is realized as a 
semicircle segment in the exemplary embodiment illustrated. The coupling-in area 3 
may also be realized as a sphere segment or as a segment of an ellipse. 
[0026] The coupling-in area 3 is surrounded by a likewise circle-segment-like 
frame 4 in which four focussing optics 5 are integrated in accordance with the 
exemplary embodiment illustrated. The focussing optics 5 in each case have an 
outwardly curved area 6 and also an area 7 curved convexly inward in the direction of 
the coupling-in area 3. 

[0027] In accordance with this exemplary embodiment, the frame 4 with the 
focussing optics 5 is also formed in semicircle-segment-like fashion. 
[0028] The frame 4 may equally be formed as a sphere segment or circle 
segment having a smaller angle. 
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[0029] What is crucial, generally, is not the geometry of the arrangement of the 
focussing optics 5 and of the coupling-in area 3, but rather the co-ordination of the 
focussing optics 5 and the coupling-in area 3 with one another and the adaptation to the 
respective light source 8 used and the diameter of the optical waveguide 1 . 
[0030] Figure 2 shows the coupling-in device in the view from above with a 
diagrammatic illustration of the coupling-in of light. 

[0031] Light sources 8, which emit the light in the direction of the coupling-in area 
3, are arranged centrally at the outer areas 6 of the focussing optics 5. 
[0032] The light beam is focussed in the first stage by the inner convexly curved 
area 7 and the light beam is concentrated further by the focussing coupling-in area 3, so 
that, upon entry into the stem 2 or an optical waveguide 1 arranged directly instead of 
the stem 2, a very small cross section is required for the entry of the light beam. In the 
exemplary embodiment illustrated, the light beam enters at an end area 9 arranged 
between stem 2 and frame 4. 

[0033] The end area 9 likewise corresponds to the cross section of the optical 
waveguide 1 . 

[0034] The effect whereby the light beams are already concentrated to a great 
extent at the end area 9 means that a plurality of light beams, four in the exemplary 
embodiment illustrated, can be coupled in via the end area 9 without losses occurring. 
[0035] The geometry of the coupling-in device and the arrangement of the light 
sources 8 are co-ordinated with one another in such a way as to minimize the losses 
occurring between emission of the light and entry into the actual optical waveguide 1. 
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[0036] The coupling-in device is preferably produced as an injection-moulded 

part made of transparent plastic with a refractive index of n=1 .50. 

[0037] The coupling-in device according to the invention makes it possible to 

increase the brightness, since more light sources can effect coupling into an optical 

waveguide, and also affords the possibility of colour mixing, since it is possible to 

arrange a plurality of light sources per optical waveguide. 

[0038] The problem of coupling as much light as possible from various light 

sources 8 into the optical waveguide 1 is solved in a simple and cost-effective manner 

by virtue of the integration of the focussing optic into the optical waveguide and also by 

virtue of the skilful arrangement of the light sources 8 at the outer areas 6 of the 

respective focussing optic 5. 

[0039] The scope of protection of the invention is not restricted by the description 
of the invention on the basis of the exemplary embodiments. Rather, the invention 
encompasses any new feature and any combination of features, which, in particular, 
comprises any combination of features in the patent claims, even if this combination is 
not explicitly specified in the patent claims. 
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